Two studies were conducted to determine the effect of canola meal source on the standardized ileal digestible amino acids (AA) and nitrogen-corrected apparent metabolizable energy (AME n ) contents of canola meal (CM) from 6 processing plants in Canada. Two plants provided CM in both mash and pellet forms, while the other 4 provided CM in mash form only, giving a total of 8 samples. In the standardized ileal digestibility (SID) assay, 280 birds were housed 7 per cage and fed a commercial starter diet from 1 to 14 d of age followed by the test diets from 15 to 21 d. Diets were formulated to contain CM as the only source of protein. Chromic oxide was included in all diets as an indigestible marker. Diets were randomly assigned to 5 cages of 7 birds. On d 21, birds were euthanized by CO 2 asphyxiation and digesta samples were collected from the terminal ileum for SID of AA. The SID values were calculated using ileal endogenous AA losses determination. In the AME n assay, 330 birds were housed 6 per cage and fed a commercial starter diet from 1 to 14 d of age followed by the experimental diets from 15 to 19 d. The 8 experimental diets contained 30% of CM and 70% of a corn-soybean mealbased diet. There were differences (P < 0.05) among CM samples in the standardized ileal digestible content of all AA. Standardized ileal digestible contents of Arg, Lys, Met, and Thr averaged 2.17, 1.74, 0.53, and 1.03%, respectively. Pelleting reduced (P < 0.05) the standardized ileal digestible content of all AA in CM from one of the plants. There were differences (P<0.05) among CM samples in the AME n contents with values ranging from 1,590 to 2,041 kcal/kg DM. In conclusion, there was effect of CM source on the standardized ileal digestible AA and AME n contents. Regression equations for predicting standardized ileal digestible contents of selected AA from a simple measure of acid detergent fiber (ADF) were developed.
INTRODUCTION
Solvent-extracted canola meal (CM), which is widely used as amino acid (AA) sources in poultry diets, is the main co-product of the canola seed crushing industry. Bell and Keith (1991) reported that there were differences in the CP and AA contents of CM produced in Western Canada. In a recent survey of CM from 11 processing plants (Adewole et al., 2016) , differences in CP, lysine, glucosinolates, neutral detergent insoluble crude protein (NDICP), lignin, and total dietary fiber were also observed. Moreover, significant correlations were observed between lysine and some other heat-sensitive components of CM, including glucosinolates, NDICP, and total dietary fiber. This suggests that protein damage and loss of lysine due to Maillard reaction may be occurring in CM samples from some crushing plants.
During the first stages of Maillard reaction, AA are still detectable by chemical analysis, but may no longer be bioavailable. Destruction of lysine is often 5 to 15 times as much as that occurring with other AA. Therefore, changes in lysine content and bioavailability indicate both the occurrence and intensity of the Maillard reaction (Adrian et al., 1966) . It has been repeatedly demonstrated that thermal over-processing of high-protein materials reduces lysine availability (Mavromichalis, 2001) . Variability in the standardized ileal digestible AA contents of CM produced in Canada has not yet been determined for broiler chickens.
Pelleting of CM to reduce bulkiness, dustiness, and wastage during transportation and feeding is becoming a common practice. Temperature used during pelleting of CM in the crushing plant may further affect the digestibility of AA. Therefore, the objectives of this study were to determine the effects of CM source and pelleting on the digestible AA and AME n contents of CM 
MATERIALS AND METHODS

Canola Meal Samples
Canola meal samples were collected from 6 canola processing plants in Canada. Two processing plants provided CM in both mash and pellet forms, while 4 others provided CM in mash form only, giving a total of 8 CM samples. The CM samples were named CM1 mash, CM2 mash, CM3 mash, CM4 mash, CM5 mash, CM5 pellets, CM6 mash and CM6 pellets. The two pelleted CM samples were ground in a hammer mill through a 2-mm screen before diet preparation.
It is of interest to note that majority (>95%) of canola seed produced and processed in Canada belongs to the Brassica napus species (Canola Council of Canada, 2015) . Canada grows various varieties of Brassica napus canola, all which must be approved for registration and must meet or exceed checks for quality standards. This results in differences in the chemical composition of CM. However, all varieties of canola are blended during crushing and the resulting oil and meal products must meet certain criteria for Canadian Oilseed Processors Association Trading Rules. The blending of canola seeds from different locations would minimize the variability.
Standardized Ileal AA Digestibility Assay
The experimental diets included 8 CM, sucrose-based diets in which the CM samples were the only sources of AA (Table 1 ). All diets were formulated based on the analyzed chemical composition (Tables 3 and 5 ) and contained 0.3% chromic oxide as an indigestible marker. Two hundred and eighty day-old male Ross 308 broiler chickens were obtained from a local hatchery (Carlton Hatchery, Grunthal Manitoba, Canada) and were housed in electrically heated Alternative Design Super Brooders (Alternative Design Manufacturing & Supply, Inc., Siloam Springs, AR) under a controlled environment. Room temperature was maintained at 32, 28, and 24
• C during wk 1, 2, and 3, respectively. From d 1 to 14, birds were fed a chick starter diet in mash form that met or exceeded NRC (1994) recommendations for broiler chickens. On d 14, birds were fasted for 3 h, weighed, and distributed 7 birds/cage. Five replicate cages were assigned to each of the 8 test diets which were fed from15 to 21 d of age. Birds had ad libitum access to feed and water throughout the study. On d 21, birds were euthanized by CO 2 asphyxiation and the digesta from the terminal ileum (from Meckel's diverticulum to a point 4 cm proximal to the ileocecal junction) were collected by gently squeezing the contents of the ileum into sample bags. Digesta from birds within a cage were pooled and frozen immediately after collection and subsequently freeze-dried. The dried ileal digesta were stored in airtight bags at -4
• C until needed for chemical analysis. 
Apparent Metabolizable Energy (AME n ) Assay
The diets included a complete corn-soybean mealbased basal diet formulated to meet NRC (1994) nutrient requirements (Table 2 ) and 8 additional diets that contained 30% of the same CM samples used in the SID assay and 70% of the basal diet. All diets contained 0.3% of chromic oxide as an indigestible marker. Three hundred and fifteen day-old male Ross 308 broiler chickens were obtained from a local hatchery (Carlton Hatchery, Grunthal Manitoba, Canada). Birds were individually weighed upon arrival and were then divided into 63 groups of 5 birds balanced for BW. Each group was housed in a cage in electrically heated Alternative Design Super Brooders (Alternative Design Manufacturing & Supply, Inc., Siloam Springs, AR) under a controlled environment. The brooder and room temperature were set at 32 and 29
• C, respectively, during the first week. Room temperature was maintained at 28 and 24
• C during wk 2 and 3, respectively. From 1 to 14 d of age, birds were fed a chick starter diet in mash form that met or exceeded NRC (1994) recommendations for broiler chickens. On d 14, the 9 experimental diets were randomly assigned to the 63 groups (7 groups per diet) and were fed from 14 to 19 d of age. Fresh water and feed were available to all chicks for ad libitum intake throughout the experimental period. On d 19, excreta samples were obtained from each cage and were frozen and freeze-dried for determination of AME n content.
The experimental protocol was reviewed and approved by the Animal Care Protocol Management and Review Committee of the University of Manitoba, and birds were cared for according to the guidelines of the Canadian Council on Animal Care (CCAC, 1993) .
Chemical Analysis
Canola meal samples, test diets, and digesta samples were finely ground and were all analyzed for AA. Canola meal samples were analyzed for CP, NDF, ADF, ash, fat, total and phytate phosphorus, simple sugars, oligosaccharides, sucrose, non-starch polysaccharides (NSP), and glucosinolates. Canola meal and diet samples from AME n assay were analyzed for DM and CP. Diets, digesta and excreta samples were analyzed for chromium after the samples were ashed at 600
• C for 12 h in a muffle furnace, using inductively coupled plasma mass spectrometry (ICP-AES; Vista, Varian, Palo Alto, CA) according to the method of AOAC (2005, method 985.01) . Diets (from the AME n assay) and excreta samples were analyzed for gross energy using a Parr adiabatic oxygen bomb calorimeter (Parr Instrument Co., Moline, IL). Dry matter was determined according to AOAC (1990) method (925.09) by oven drying a 5.0 g sample at 105
• C overnight. The method of Goering and Van Soest (1970) was used for the determination of NDF and ADF. Nitrogen content in CM, NDF residues, diets (from the AME n assay) and excreta samples was determined using the combustion method (990.03; AOAC, 1990) with an N analyzer (Model CNS-2000; LECO Corp., St. Joseph, MO) and CP was calculated as N × 6.25. Ether extract in samples was determined after hexane extraction (Method 920.39; AOAC, 1990) in an Ankom extraction system (Macedon, NY).
The AA content was determined as described in Method 994.12 (AOAC, 1990), and as modified by Mills et al. (1989) . Briefly, a 100-mg sample was digested in 4 mL of 6 M HCl in vacuo for 24 h at 110
• C. The digested mixture was neutralized with 4 mL of 6.25 M NaOH and allowed to cool at room temperature. The neutralized mixture was made up to a 50-mL volume with sodium citrate buffer solution (19.6 g × L -1 ; pH 2.2) and analyzed using an AA analyzer (Sykam, Eresing, Germany). Samples for analysis of S-containing AA (Met and Cys) were subjected to performic acid oxidation before acid hydrolysis.
Total phosphorus was determined as described in method 965.17 (AOAC, 2005) . Phytate phosphorus was assayed using the procedure described by Haug and Lantzsch (1983) . Non-phytate phosphorus was calculated by subtracting phytate phosphorus from total phosphorus.
Glucosinolates were analyzed using the method of Thies (1977) with some modifications (Slominski and Campbell 1987) .
Simple sugars (fructose and glucose), sucrose and oligosaccharides were determined by gas-liquid chromatography according to the procedure described by Slominski et al (2004) . Briefly, 0.2 g of sample was extracted with 5 mL of 80% ethanol and 1 mL of myo-inositol for 3 h and then centrifuged at 1,690 × g for 10 minutes. The supernatant was dried under stream of air at 40
• C and derivatized with a mixture of acetone: bis(trimethylsilyl) acetamide:trimethylsilyl chloride:1-methylimidazole (2:1:0.1:0.05 v/v). The sugars in the resulting solution were determined by gasliquid chromatography using 3% OV-7 column and Varian 430 Gas Chromatograph (Agilent Technologies, Mississauga, ON, Canada).
Non-starch polysaccharides were determined by gasliquid chromatography (component neutral sugars) and by colorimetry (uronic acids) using the procedure described by Cummings (1984, 1988) with modifications (Slominski et al., 2006) . In brief, a 100-mg sample was treated with dimethylsulphoxide and incubated overnight at 45
• C with a solution of starchdegrading enzymes composed of amylase, pullulonase and amyloglucosidase (Sigma, St. Louis, MO). Ethanol was then added, the mixture left for 1 h, centrifuged at 1,174 × g for 10 minutes and the supernatant discarded. The dry residue was dissolved in 1 mL of 12M H 2 SO 4 and incubated for 1 h at 35
• C. Six milliliters of water and 5 mL of myo-inositol (internal standard) solution were then added and the mixture was boiled for 2 h. One milliliter of the hydrolysate was then taken and neutralized with 12 M ammonium hydroxide, reduced with sodium borohydride, and acetylated with acetic anhydride in the presence of 1-methylimidazole. Component neutral sugars were separated using SP-2340 column and Varian CP-3380 Gas Chromatograph (Agilent Technologies, Mississauga, ON, Canada).
Due to the high solubility of NSP in the NDF solution and therefore losses of NSP on NDF analysis, total dietary fiber was determined by a combination of NDF and neutral detergent-soluble NSP measurements and was calculated as the sum of NDF and NDF-soluble NSP (Slominski et al., 2006) . Neutral detergent fibersoluble NSP were calculated as total sample NSP minus NSP present in the NDF residue. Neutral detergent insoluble CP represented the amount of CP present in the NDF residue. The value for lignin with associated polyphenols was calculated by difference between the total fiber and NDICP + NSP contents.
Standardized Ileal AA Digestibility and AME n Calculations
The apparent ileal digestibility (AID) coefficient of AA was calculated using the indigestible marker using the following formula by Moughan et al. (1992) :
Where (AA/Cr) d = ratio of AA to chromium (Cr) content in diet and (AA/Cr) id = ratio of AA to Cr content in ileal digesta.
Basal endogenous loss estimates determined previously in our laboratory with N-free diet were used for the correction of AID coefficients. The standardized ileal digestibility (SID) coefficients were calculated as follows:
Standardized ileal digestibility, % = AID + [(basal IAA end /AA diet ) x 100], Where IAA end = basal ileal endogenous amino acid loss and AA diet = amino acids in diet. The endogenous ileal amino acid losses (g/kg of DM intake) are presented in Table 6 .
Standardized ileal digestible AA contents were calculated by multiplying the standardized ileal digestibility coefficients with the AA values.
Nitrogen retention and AME n values of test ingredients were calculated as described by Leeson and Summers (2001) .
Statistical Analysis
Data were analyzed using the Mixed procedure of SAS (SAS Institute Inc., Cary, NC) by the following mixed-effects model:
where Y ij = AID, SID, standardized ileal digestible AA content or AME n of CM of the jth pen in the ith diet; µ = overall mean; D i = effect of diet (fixed); i = 1-8; P j = effect of pen (random); j = 1-40; E ij = error of the jth pen in the ith diet. Means were compared using the Tukey's studentized range test when there was a significant difference at P ≤ 0.05 between means. Cage was the experimental unit. Contrast statements were used to determine the difference in AID, SID, and digestible AA content or AME n content between mash and pelleted CM samples. The REG procedure of SAS was used to develop prediction equations for determining digestible AA contents from the chemical compositions. Statistical significance was considered at P ≤ 0.05.
RESULTS
The analyzed chemical composition of CM samples is presented in Tables 3 and 4 . The CM samples used in this study vary in chemical compositions with CM5 mash having the highest CP, non-phytate P, lysine and arginine contents of 43.6, 0.46, 2.45, and 2.79%, DM, respectively. Canola meal 2 mash had the highest NDF (32.4% DM) and fat (4.9% DM) contents. Pelleted CM samples had lower AA contents compared with their mash forms except for Ser and Thr in CM5. Table 5 shows the AID of AA. There were differences (P < 0.05) among mash CM samples in the AID of all AA except arginine, phenylalanine, threonine, valine, cysteine, and tyrosine. Among mash samples, the AID values of lysine ranged from 77.4% (CM6 mash) to 81.1% (CM5 mash). Differences in AID values among mash samples ranged from 2.6 (phenylalanine) to 9.5 (histidine) percentage units for indispensable AA and 3.1 (glutamic acid) to 6.2 (aspartic acid and serine) percentage units for dispensable AA. Among mash samples, CM5 mash had the highest (P < 0.05) AID values for all AA except threonine and glycine. The contrasts show that the AID of canola CM5 pellets were not different from that of CM5 mash (except for methionine and alanine). However, pelleting reduced (P < 0.05) the AID values of all AA in CM6. Table 6 shows the SID of AA in CM fed to broiler chickens. Differences (P < 0.05) existed among mash CM samples for the SID of all AA except isoleucine, phenylalanine, threonine, valine, and tyrosine. Among mash samples, CM5 mash had the highest (P < 0.05) SID values for all AA except isoleucine, phenylalanine, and tyrosine. Differences in SID values among mash samples ranged from 2.9 (arginine) to 9.5 (histidine) percentage units for indispensable AA and 3.2 (glutamic acid) to 8.7 (tyrosine) percentage units for dispensable AA. The contrasts showed that the SID of canola CM5 pellets were not different from that of CM5 mash (except for methionine and alanine). However, the contrast showed that pelleting reduced (P < 0.05) the SID values of all AA in CM6.
As presented in Table 7 , there were differences (P < 0.05) among CM samples in the standardized ileal digestible contents of all AA. Canola meal 5 mash had the highest standardized ileal digestible content of all AA except methionine, cysteine, threonine, and glycine in which CM1mash had the highest values. Canola meal 6 pellets had the lowest (P < 0.05) standardized ileal digestible content of all AA except cysteine, in which CM5 pellets had the lowest (P < 0.05). The contrast showed that pelleting reduced (P < 0.05) the standardized ileal digestible content of all AA in CM6. However, only the standardized ileal digestible contents of arginine, methionine, glutamic acid, and glycine were reduced in CM5. Linear regression equations for predicting standardized ileal digestible arginine, lysine, histidine, methionine, threonine, isoleucine, leucine, phenylalanine, valine, aspartic acid, glutamine, and serine from a simple measure of ADF are presented in Table 8 . Regression equations predicting standardized ileal digestible AA contents from NDF were not significant and had very low R 2 values (0.00 -0.29; data not shown).
Apparent Metabolizable Energy Content of CM
As presented in Table 9 , there were differences (P = 0.001) among CM samples in the AME n values. Among mash samples the AME n values (kcal/kg DM) ranged from 1,691 (CM3 mash) to 2,041 (CM1 mash). The AME n in CM5 mash did not differ from that of CM5 pellets. However, AME n value of CM6 pellet was lower (P < 0.05) than that of CM6 mash.
DISCUSSION
The objective of this study was to determine the effect of CM source and pelleting on the nutritive value of CM for broiler chickens. The variations in chemical compositions (particularly, the components that are sensitive to heat treatment, e.g., glucosinolates, lysine, NDICP, and dietary fiber fractions) among the CM samples could be as a result of differences in canola seed crushing conditions especially, the desolventization/toasting (Newkirk et al., 2003a,b) . The variation in the chemical compositions of CM used in this study is also consistent with the report of Bell and Keith (1991) on the variations in the contents of CP (37.9 to 43.5% DM), NDF (22.6 to 24.5% DM and lysine (2.4 to 2.51% DM) for CM produced in Western Canada. It also supports the report of Adewole et al. (2016) on the similar variations in the contents of CP (40.5 to 43.2% DM) and NDF (26.3 to 33.5% DM), lysine (2.00 to 2.29% DM), glucosinolates (1.90 to 9.70 µmol/g DM), and NDICP (4.10 to 7.30% DM) for CM produced in Canada.
The general steps in solvent extraction of oil from canola seeds include: 1) seed flaking and cooking at 80 to 105
• C for 15 to 20 min to rupture the seed coat and cells, resulting in increased oil availability; 2) expelling the flaked and cooked seeds to remove some oil (this process results in an increase in meal temperature from 100 to 120
• C); 3) solvent extraction of the pressed seeds to remove additional oil; 4) desolventization and toasting of the extracted meal at approximately 105
• C for 30 min to remove the solvent (hexane); and 5) meal drying at approximately 105
• C for 20 min (Newkirk, 2009 ). It has been demonstrated that applying high temperatures would destroy the glucosinolates and improve the CM flavor and palatability (Jenson et al., 1995) . However, overheating of CM during processing could lead to Maillard reactions which result in the formation of proteins, which are neutral detergent insoluble (Van Soest, 1994) . Therefore, the high variations in the NDF (24.9 to 32.4%) and NDICP (2.51 to 6.80%) contents of the CM samples used in the current study suggest the presence of Maillard reaction products. Classen et al. (2004) also reported increased NDICP in CM after desolventization/toasting.
To the best of our knowledge, there has not been any study on the effect of CM source on the standardized ileal digestible AA contents for broiler chickens. However, studies with pigs have indicated that there were differences in AID (Fan, Sauer and Gabert, 2006) and standardized ileal digestible AA contents (Adewole et al., 2017) of amino acids when pigs were fed CM from different sources. Such variability could be caused by differences in chemical composition resulting from differences in growing or processing conditions. In the current study, the variations among CM samples in the AID and SID of all AA are expected because of the variations in dietary fiber fractions (including NDICP) between the CM samples. The SID of AA in CM has been reported in few studies (Adedokun et al., 2008; Woyengo et al., 2010) and the digestibility values are similar to those reported in the current study. Woyengo et al. (2010) reported lower AID and SID of AA in solvent extracted CM than in expeller extracted meal and attributed the reduction to the desolventization and toasting of the meal during solvent extraction, leading to Maillard reactions. Newkirk et al. (2003a,b) reported higher AID of AA for non-toasted than toasted CM fed to broiler chickens and also attributed it to Maillard reactions. Classen et al. (2004) also reported that Maillard reactions occurred in CM during desolventization/toasting when the meal temperature and moisture content were at least 105
• C and 10%, respectively. The moisture content in CM before desolventization/toasting is approximately 7% (Newkirk et al., 2003a) . However, during desolventization/toasting, the solvent is removed from the meal by infusing hot steam into the desolventizer/toaster which increases meal moisture to as high as 15 to 18% (Spragg and Mailer, 2007) . Lysine damage due to heat treatment in the desolventizer/toaster was well supported in our previous study (Adewole et al., 2016 ) by a positive relationship between lysine and heat sensitive glucosinolate contents, as well as a negative relationship between lysine and NDF and total dietary fiber contents.
The difference in the standardized ileal digestible AA contents among CM samples reflect differences in total content of AA and differences in standardized ileal digestibility of AA. Newkirk et al. (2003a) reported that both lysine content and its digestibility were reduced by the desolventization/toasting process. Maximal loss of lysine, in the presence of reducing sugars occurs between 15 and 18% moisture content which coincides with the level of moisture in the CM exciting the desolventizer/toaster (Newkirk et al., 2003a) . Therefore, the variations in the standardized ileal digestible contents of AA between the CM samples used in the current study is probably due to early stages of Maillard reactions resulting in the formation of aldose derivatives of AA by Amadori rearrangement. These products are not effectively digested but still yield AA after acid hydrolysis during AA analysis (Mauron, 1981) .
The regression equations indicate that ADF could be a suitable predictor of standardized ileal digestible AA content in CM. This is probably because advanced glycation products of the late stage Maillard reaction are concentrated in the ADF fraction. These products have higher influence on AA digestibility than early stage Maillard reaction products. This supports the report of Broesder et al. (1992) that heat damage of feed ingredients is associated with an increase in ADF value which results in a decrease in N digestibility in cattle and sheep. Moreover, the concentration of ADF was increased in dark-colored distillers dried grains with solubles, which suggested a greater degree of heat damage in such ingredients (Cromwell et al., 1993) . In addition, Almeida (2013) observed a negative correlation between the concentration of SID AA for pigs and ADF and concluded that SID AA may be best predicted by equations that include the concentration of acid detergent insoluble N in the model.
The variation in the AME n content among CM samples observed in the current study may be due to variations in the chemical compositions which included fat (1.6 to 4.9% DM), sucrose (6.2 to 7.0% DM), NDF (24.9 to 32.4% DM) and ADF (16.9 to 21.0% DM). High fiber content in CM sample could accelerate digesta transit time and limit the capacity of the gut microbiota to use complex carbohydrates, which could lead to higher excreta output. Adeola and Ileleji (2009) obtained higher (589 kcal/kg) AME in corn distillers grains with solubles, which had 50 and 45% lower contents of NDF and ADF, respectively, than corn distillers' grains without solubles. The mean AME n value of 1,789 kcal/kg (DM basis) obtained in the current study is comparable to that of 1,801 kcal/kg (DM basis) obtained by Woyengo et al. (2010) for solvent extracted CM.
In conclusion, results from the current study indicate that the AID, SID of AA, standardized ileal digestible AA contents, and AME n contents varies among CM sources in Canada. Pelleting may reduce the standardized ileal digestible AA content of CM but this negative effect could be source-dependent as the effect of pelleting was only observed in one of the two CM samples tested. Standardized ileal digestible AA contents in CM could be predicted from a simple measure of ADF.
